ABSTRACT: Conventional soil remediation has been known to be expensive treatment. Thus, various strategies have been opted to investigate cost-effective solution to contaminated sites and an example is bio-stimulation. The study investigated effect of organic and inorganic nutrients on soil biological indicators of diesel -contaminated soil. The parameters investigated include determination of pH, conductivity, nitrate, phosphate, total organic carbon, moisture content, temperature, baseline, soil respiration, dehydrogenase activity, urease activity, soil microbial biomass carbon, protease activity, germination index (GI), total viable count technique (THBC and TCHUB), microscopic and biochemical characteristics in 56th days experimental period. The result revealed that the soil is neutral to slightly alkaline in pH, moderate in conductivity, low in nitrate, phosphate and total organic carbon contents, high in moisture content with moderate (mesophilic) temperature. The result of baseline study also revealed that soil respiration is 99.30 s days, dehydrogenase activity is 02.69 µg TPFg -1 dm (24 hr) -1 ), microbial biomass carbon is 02.69 mg/kg, urease activity is 24.52 µmol N-NH4 / g 2 hrs, protease activity is 36.66 µg / ml, GI is 09.24 %, THBC is 06.53 logCFU /g and TCHUB 06.73 logCFU /g. There were significant effect (P < 0.05) on dehydrogenase activities, urease activities, total heterotrophic bacteria counts (THBC) and total culturable hydrocarbon utilizing bacteria counts (TCHUBC) respectively but no significant effect (P > 0.05) on soil respiration, soil microbial biomass carbon, protease activity and germination index respectively by the organic and inorganic nutrients. There was negative and positive correlations between germination index, microbial count and other biological indicators measured. More so, the result revealed that the hydrocarbon utilizing bacterial isolates were Aeromonas sp., Serratia fonticola, Citrobacter freundii, Citrobacter diversus and Corynebacterium sp. Thus, application of organic and inorganic nutrients sources is suggested as a good strategy for bioremediation of diesel impacted soil.
INTRODUCTION
Soil contaminated with petroleum is a serious hazard to human health, causing organic pollution to ground water which limits its use, causes economic loss and environmental problems, decreases agricultural productivity of the soil as well as hinders the microbial nutrient processes and enzyme activities of microorganisms in the soil ecosystem (Emami et al., 2014) .
There is mounting evidence that soil microbiological and biochemical parameters may be useful tools for assessing the degree of soil degradation in both natural and agro ecosystems. The measurement of microbiological parameters, such as soil respiration, microbial biomass carbon or enzyme activity, provides information on the presence and activity of viable microorganisms on the intensity, kind and duration of the effects of hydrocarbon pollution on soil metabolic activity (Emami et al., 2014) . Also, measured biological indices may provide additional information for bioremediation treatability testing (Topac et al., 2009 ). Reviews have compared a large range of biological indicators for scientific and technical relevance to assist policy-makers in land management (Griffiths et al., 2018) . Bioremediation, the degradation or stabilization of contaminants by microorganisms is claimed as a safe, effective and economic alternative method of environmental clean ups (Salleh et al., 2003) . Bacteria have long been considered as one of the predominant hydrocarbon degrading agents found in the environment, they are free living and ubiquitous. Petroleum -degrading microorganisms have enzyme systems and metabolic capabilities, which enable them to withstand adverse environmental conditions. Bacteria abundance, fast growth and wide spectrum of molecules have allowed them to be considered as a bioremediation tool (Rajaei et al., 2013) . Biodegradability of hydrocarbons and hence their degree of persistence in natural environment are influenced by various factors, such as the chemical structure of the hydrocarbons which the presence of viable microbial population able to degrade and environmental conditions optimal for microbial degradative activities (Emami et al., 2014) . In the presence of abundant hydrocarbon in the environment after a spill, microorganisms cannot effectively attack and utilize the hydrocarbon unless limiting nutrients such as nitrate, phosphate, even micro-elements are incorporated into the polluted medium (van Hamme et al., 2003) . Different methods have been employed in order to deliver limiting nutrients and restore petroleum polluted media. Some of these include the use of oil degrading microorganisms, inorganic fertilizers, chicken droppings, cow dung, periwinkle shell, liming and tilling (Leahy and Colwell 1990; Ijah and Antai, 2003) . Many studies have previously demonstrated that application of nitrogen to soil can improve microbial activity, using a variety of methods including enzyme assays and biomass. Biostimulation using inorganic fertilizer has been employed worldwide in reclaiming oil polluted soil (Orji et al., 2012a, b; Emami et al., 2014) . The use of organic nutrients such as chicken droppings, periwinkle shells, pig manure, cow dung for the bioremediation of crude oil polluted environment other than mangrove swamps have been previously reported in Nigeria (Ijah and Antai, 2003; Obire et al., 2008) . Agarry (2018) reported that the use of nutrient supplements such as inorganic fertilizer, organic fertilizer in terms of animal dungs and agricultural crop residues to biostimulate degraders in polluted matrices has been extensively studied. Extensive research is crucial in order to identify potential organic wastes and inorganic fertilizers in the remediation of hydrocarbon -polluted soil ecosystem.
The utilization of organic and inorganic nutrients to enhance the cleanup of soil contaminated with diesel with respective to soil biological indicators has been investigated by very few studies and this justifies this study. The aim of this study is to investigate the biostimulatory effects of treatment of diesel contaminated soil with organic (cow dung and pig dung) and inorganic nutrients (triton X and NH4Cl) on soil biological activities. This was used to compare the effectiveness of organic and inorganic nutrient supplements in the bioremediation of diesel polluted soil.
MATERIALS AND METHODS

Study area
The diesel polluted soil was obtained from different areas around the generator's premises of Chukwuemeka Odumegwu Ojukwu University, Uli Ihiala Local Government Area, Anambra State, Nigeria. This site was selected due to high level of pollution as a result of oil spillage from the institution generator house.
Sample collection
The composite soil samples were collected with a sterile spade into plastic buckets which were cleaned with cotton wool soaked in 70% ethanol to ensure that aseptic conditions were met during sampling (Eziuzor and Okpokwasili, 2009 ). The soils were collected from four sampling points after excavation, bulked to get a representative sample and then transported to Microbiology Laboratory of the Institution for bioremediation studies. Co-ordinates of the sampling points were determined using Handheld Global Positioning System (GPS) (GPSMAP 76sc). The co-ordinates of the sampling points were 05°46"08.1"N; 06°50"01.0"E (Station 1), 04º47"34.9"N; 006º58"24.9" E (Station 2), 04º47"34.8" N; 006º58"24.9" E (Station 3) and 04º47"36.0" N; 006º58"24.9" E (Station 4). The diesel was obtained from a commercial fuel station, Uli Anambra State, Nigeria.
Physicochemical analysis of soil and nutrients before contamination
Following the method described by AOAC (2012), the pH of the soil sample was determined using a bench pH meter (PHS -3CU, China); the conductivity and temperature were determined using a conductivity-temperature meter (DSS -11A, China). The moisture content of the sample was determined by weighing Petri dish and sample before and after drying in the oven (DHG-9053AA, Life Assurance Scientific, UK) at 105°C for 3 hrs. The Brucine method reported by United Nations Environmental Programs (UNEP, 2004) was adopted for the measurement of nitrate content at 470 nm on spectrophotometer (Astell, UV -Vis Grating, 752 W). Colorimetric method was adopted for the determination of phosphate content as described by United Nations Environmental Programme (2004), measured spectrophotometrically at 660 nm and compared with identically prepared standard (water). Total organic carbon (TOC) was measured using the method of Nelson and Sommers (1975) by titrating blank containing oxidant (potassium chromate) and sulphuric acid against the sample and the titre value was recorded.
Soil contamination
One thousand five hundred (1500) grams of soil sample were placed into each labeled bucket which were four (4) in number and 150 ml of diesel was dispensed into each plastic buckets to stimulate a condition of a major spill (Ezeokoye et al., 2015) . The polluted soil was at this point sampled for baseline studies. The hydrocarbon polluted soil was allowed to stand or left undisturbed for seven days before amendment for acclimatization of the biota present (Orji et al., 2012a, b) .
Preparation of organic and inorganic nutrients
Cow dungs, pig dungs, Triton X and Ammonium chloride, (NH4Cl) were used as the source of limiting nutrients. Cow dungs of about 300 g were obtained from Odumodu Market, Umunya while pig dungs of about 300 g were obtained from Okoye Farm located at Nkpor both in Anambra State, Nigeria and were transported to the Microbiology Laboratory of the Chukwuemeka Odumegwu Ojukwu University. Both were air dried for 5 days until moisture driven off completely and was later stored for usage. The inorganic nutrients (Triton X and Ammonium chloride, (NH4Cl)) were purchased from chemical dealers at Head Bridge Market, Onitsha Anambra State, Nigeria.
Nutrient supplementation
The diesel contaminated soil sample was supplemented with 50 g of both cow dung, pig dung, NH4Cl and 50 ml of triton X according to the method of Ezekoye et al. (2015) as presented in Table 1 .
Experimental design
The laboratory scale experiment was carried out in plastic buckets in triplicate. This was carried out to determine the amount of nutrients that will be used to amend a specific amount of diesel polluted soil. The study was experimentally designed by adopting the method of Eziuzor and Okpokwasili (2009) and Agamuthu et al. (2013) . Set up 1 serves as control with only diesel, set up 2 serves as cow dung, set up 3 serves as pig dung, set up 4 serves as NH4Cl, while set up 5 serve as triton X. All the set ups contained 1500 g of polluted soil, 150 ml of diesel Uba et al. 123 oil and 20 ml of distilled water. The amendment used in the laboratory based experiment was presented in Table 1 .
Bioremediation study
The experiment was set up in the laboratory for the bioremediation of diesel by withdrawing the amended soil samples for analyses as from day one (immediately after the amendment with organic and inorganic nutrients) till 56th day of the treatment period (Romanus et al. 2015) . Then the moisture content was adjusted to 20% by the addition of distilled water, turned with hand trowel every day for aeration and watered weekly with 20 ml of distilled water throughout the study period. Samples were collected at 2 weeks interval for metabolic and microbial analyses (Emami et al., 2014; Orji et al., 2012a, b) .
Soil metabolic analyses
Determination of soil respiration (SR)
The metabolic activity of indigenous microorganism was determined as CO2 evolution. Carbondioxide (CO2) was determined by adopting the method of Hegazy et al. (2014) using 2 grams of soil sample from different treatments that were transferred into a well labeled plastic vials. The plastic vials were placed in closed 1 litre glass jars. A glass vial containing 10 ml 0.2 N NaOH was placed in each jar to trap CO2 resulting from substrate mineralization. The NaOH trap was periodically replaced. Ten millilitres of 0.5 N BaCl2 was added to the NaOH trap and the amount of CO2 produced by each treatment was determined by titrating with 0.1 N HCl and the values were expressed as mg CO2 g -1 .
Determination of soil dehydrogenase activity (DHA)
Dehydrogenase activity was determined by monitoring the rate of reduction of 2, 3, 5 -triphenyltetrazolium chloride (TTC) to triphenyl formazan (TPF) (Pepper et al., 1995) . One ml of 3% TTC solution was pipetted into a clean labeled test tube each and 1 ml of the filtrate, 30 mg of glucose, 3 ml of distilled water were added. The mixture was incubated for 24 hrs and read spectrophotometrically at a wavelength of 485 nm and results were expressed as g TPF g -1 dry sample.
Determination of soil urease activity (UA)
The soil urease activity was determined by adopting the method of Mckee et al. (1988) . Moist soil samples of 1.5 grams from different labeled plastic buckets were poured into the labeled test tubes and incubated with 0.5 ml of Table 1 . Experimental design of the study.
Experimental setup Test experiment Setup 1 (control)
1500 g of polluted soil + 150 ml of diesel oil + 20 ml of water Setup 2 (Cow dung) 1500 g of polluted soil + 150 ml of diesel oil + 50 g of cow dung + 20 ml of water Setup 3 (Pig dung) 1500 g of polluted soil + 150 ml of diesel oil + 50 g of poultry dropping + 20 ml of water Setup 4 (NH4Cl) 1500 g of polluted soil + 150 ml of diesel oil + 50 g ammonium chloride + 20ml of water Setup 5 (Triton X) 1500 g of polluted soil + 150 ml of diesel oil + 50 ml triton X + 20 ml of water 79.9 mM urea (substrate) solution for 2 hrs at 37°C. The release of NH4 + -N from the urea by the soil urease was determined spectrophotometrically at 660 nm after treatment of incubated soil sample with KCl and HCl. The activity of soil urease was expressed as µg NH4 + -N dry wt of soil.
Determination of microbial biomass carbon (MBC)
Microbial biomass carbon (Cmic) was determined using fumigation extraction procedure (Vance et al., 1987) . Ten gram of soil samples was sterilized in 250 ml flask of each set up that were later fumigated with ethanol free chloroform for 24 hrs. Then, both fumigated soil and unfumigated soil samples were extracted for 45 mins by 50 ml of 0.5 M K2SO4 and filtered using Whatman no. 1 filter paper organic carbon in the extracts was measured as above. Soil microbial biomass carbon was estimated from the relationship:
Where EC is (organic carbon extracted from fumigated soil) minus (organic carbon extracted from non-fumigated soil) and KEC = 0.45 (microbial extraction efficiency) (Wu et al., 1990 ).
Determination of protease activity (PA)
Protease activity was assayed by the modified method of Akhtar et al. (2013) using 1% casein as a substrate. Casein solution (1.0 ml) with an equal volume of suitably diluted enzyme solution from each treatment was incubated at 37°C for 10 mins. These were followed by addition of 2 ml of 20% Trichloroacetic acid (TCA) incubated at 37°C for 20 mins. The mixtures were filtered and to the 1 ml of filtrate was added 2 ml of 20 % Na2CO3 and 1 ml of one fold diluted Folin-Ciocalteau phenol reagent which was further incubated for 30 mins. The absorbance was measured against an appropriate blank at 595 nm. One unit of protease activity was defined as the amount of the enzyme able to produce 1 g tyrosine g -1 min -1 and expressed as µg/ml of enzyme.
Phytotoxicity assay
Germination experiments were carried out in Petri dishes using soil samples taken 1, 14, 28, 42 and 56 days from the treated soil. Thirty grams of the corresponding soil samples were introduced into plates and moistened with 10 ml of distilled water. Whatman no. 1 filter paper was placed into each of the Petri dishes containing the moist soil while distilled water on filter paper was used as control in other dishes. Ten grams of mustard seed (Brassicca nigra) was first surface sterilized by immersion in 75% ethanol for 3 mins with periodical agitation and finally washed thoroughly with distilled water. Ten mustard seeds (Brassicca nigra) were placed on each Petri dish. The samples were incubated for 5 days in the dark at 25±2°C. After incubation, the number of germinated seeds and the length of each roots were used to determine the germination index defined as:
Where Gs and Gc are germinated seeds in sample and control, and Ls and Lc are mean root length in the sample and control respectively (Emami et al., 2014) .
Microbiological analysis
Enumeration of total heterotrophic bacteria count (THBC)
Spread plate method on nutrient agar was used in the enumeration of THBC at 14 day interval. A 10 -fold serial dilution of the treated and control soil samples was carried out by weighing 1 g each of soil samples into sterile test tubes containing 9 ml of sterile physiological saline and diluted to 10 -5 . From each dilution, 0.1 ml was pipetted and inoculated on nutrient agar plate. However, a triplicate plating of each dilution was employed. A sterile glass rod was used to spread the inocula over the media. The plates were incubated for 18 to 24 hrs at a temperature of 37 o C. After which the emerging colonies were counted. Colonies that formed during this incubation period were counted using this formula:
of colonies X Dilution factor Amount used
Values were expressed as colony forming units per g (CFU / g). The THBC was carried out using Chikere et al. (2009b) procedures.
Enumeration of total culturable hydrocarbon utilizing bacteria (TCHUB)
The vapour phase method was used to determine the TCHUB on mineral salt agar containing 0.04 g MgSO4. 7H2O, 0.03 g KCl, 0.09 g KH2PO4, 0.04 g NaNO3, 0.13 g K2HPO4, 2.0 g NaCl, 15 g of Agar powder, 100 ml of distilled water amended with 0.1 g of nystatin to inhibit the growth of fungi (Chikere et al., 2009a) . Then, it was sterilized by autoclaving at 121°C and 15 psi for 15 mins and allowed to cool to about 45°C. The already prepared medium was poured into Petri dishes and allowed to gel then 0.1 ml of the inocula was spread on plates with rod aseptically. Filter paper (Whatman No 1) was saturated with diesel and the diesel impregnated papers were aseptically placed onto the covers. The diesel saturated filter papers supply diesel by vapour -phase transfer to the inocula. The plates were incubated by inversion for 7 to 10 days at 28ºC. Plates yielding 30 to 300 colonies were enumerated from triplicates and mean values were recorded and calculated in CFU g -1 using the formula in the enumeration THBC above. Colonies of different hydrocarbon utilizing bacteria were randomly picked and pure isolates were obtained by repeated sub-culturing on nutrient agar (Hitech, India) (Omoni et al., 2015) .
Characterization of the hydrocarbon utilizing bacterial isolates
Gram staining: This technique divides bacteria into Gram positive and negative. All the isolates were Gram stained by adopting the method described by Cheesbrough (2006) .
Biochemical test:
This was carried out following Analytical Profile Index (API) kit manual described in Cheesbrough (2006) .
Identification of the hydrocarbon bacterial isolates
The hydrocarbon bacterial isolates were finally identified using Bergey's Manual for Determinative Bacteriology (Holt et al., 1994) .
Statistical analysis
The data were analyzed using Graph-Pad Prism statistical software, version 7.00 (GraphPad software Inc. San Diego, California). Obtained values were expressed as mean ± standard deviation (SD). Two-way analyses of variance 
RESULTS AND DISCUSSION
Physicochemical Properties
The result in Table 2 showed that the pH, conductivity, nitrate, phosphate, total organic carbon, moisture content, and temperature were: 7.40 ± 0.20, 500 ± 25.00 µS / cm, 2.00 ± 0.40 mg / kg, 1.80 ± 0.20 mg / kg, 4.95 ± 0.10 %, and 20.10 ± 3.00% and 27.10 ± 2.45°C respectively. The result revealed that the soil is neutral to slightly alkaline in pH, moderate in conductivity, low in nitrate, phosphate and total organic carbon contents, high in moisture content with moderate (mesophilic) temperature. The result in Table 3 showed that the pH, conductivity, temperature, nitrate, phosphate, total organic carbon and moisture content for cow and pig dungs were 07.50 ± 0.70, 340.00 ± 20.00 µS / cm, 28.20 ± 2.00°C, 04.00 ± 0.50 mg / kg, 02.20 ± 0.06 mg / kg, 06.95 ± 1.00% and 40.10 ± 2.50% and 08.90 ± 0.55, 1,290 ± 47.50 µS / cm, 30.50 ± 2.00°C, 04.00 ± 0.70 mg / kg, 02.80 ± 0.04 mg / kg, 03.83 ± 0.80% and 20.20 ± 1.30% respectively. The result revealed that both nutrients were neutral to alkaline in pH, moderate to high in conductivity, low in nitrate, phosphate and total organic carbon contents, high in moisture content with moderate (mesophilic) temperature.
Baseline determination
The result in Table 4 showed that the soil respiration is 99.30 ± 10.30 mgCO2 / g days, dehydrogenase activity is 02.69 ± 0.04 µg TPFg -1 dm (24 hr) -1 ), microbial biomass carbon is 02.69 ± 0.08 mg/kg, urease activity is 24.52 ± 3.30 µmol N-NH4 / g 2 hrs, protease activity is 36.66 ± 6.20 µg/ml, GI is 09.24 ± 1.50%, THBC is 06.53 ± 0.50 logCFU / g and TCHUB 06.73 ± 0.35 logCFU/g. The baseline data results showed that the hydrocarbon utilizing microbes in the soil is relatively adequate for bioremediation (Ebuehi et al., 2005) . This could be because the soil has history of diesel spillage from the big lister generator within the Institution.
Metabolic activities determination
The metabolic activity of indigenous microorganisms was determined as CO2 evolution (basal respiration). The basal respiration reflects activity of sediment microorganisms, which may be related to the biodegradation of organic compounds. Respiration measurements give an idea of the microbial activity in sediments and the quantity and quality of substrates related to mineralization (Hegazy et al., 2014) . The result in Figure 1 showed that the day 28 has the highest value of 149.00 ± 10.56 mgCO2 / g days on control set up and day 42 has the lowest value of 10.10 ± 0.50 mgCO2 / g days on pig dung and triton X set ups respectively. The observed inhibition is probably due to decrease in the microbial population size involved in the nitrogen cycle, which would affect the degradation of organic compounds. The addition of organic (cow dung and pig dung) and inorganic (triton X and NH4Cl) amendments to the contaminated soil increased SR (Figure 1 ). Nitrogen fertilizer is a more easily utilized source of nitrogen for microbial growth when applied to the soil (Marin, 2004) . The nitrogen contents of cow and pig dungs have thus been effective. Statistically, there were no significant differences (P > 0.05) detected among the stimulatory effect of the organic and inorganic nutrients indicating that all the amended set ups had same effect on soil respiration. The result in Figure 2 showed that the day 28 had the highest value of 3.93 ± 0.30 µg TPFg -1 dm on pig dung set up while day 1 had the lowest value of 1.00 ± 0.02 µg TPFg -1 dm on the control set up. However, dehydrogenase activity was significantly (P < 0.05) inhibited in control set up with great significance (P = 0.05) in the amended set ups, indicating the toxicity of diesel contamination to microbial activities. Reduction in these enzymes agreed with the work carried out by Akubugwo et al. (2009) . Low dehydrogenases in the soil polluted by petroleum spillage were also observed by Malachowska et al. (1997) and Labud et al. (2007) . Dehydrogenase enzymes are almost exclusively intracellular and they are involved in organic matter oxidation. They reflect physiologically active microorganisms and thus provide correlative information on biological activities and microbial populations in soils. It described the concentration of petroleum hydrocarbon that had significant effect on activity of soil dehydrogenase (Ueno et al., 2007) .
The result in Figure 3 showed increase in all the days of treatment from day 1 to day 56 with day 1 having the lowest value of 7.50 ± 0.10 µmol N-NH4 / g 2 hrs on positive control set up and day 56 having the highest value of 240.28 ± 15.40 µmol N-NH4 / g 2 hrs on triton X set up. There was significant increase (P < 0.05) in the soil urease activity from day 1 to day 56 (7.50 ± 0.80 to 30.0 ± 2.00 µmol N-NH4 / g 2 hrs) in all the treatments set up indicating that the wastes had stimulatory effects on soil urease activity. Investigation of soil urease has attracted considerable attention due to the role of urea as a fertilizer to improve soil productivity (Gianfreda et al., 1994; Makoi and Ndakidemi, 2008) . Urease activity is frequently used as an indicator for determining the influence of various anthropogenic pollutants on the biological quality of the soil (Margesin et al., 2000; Singh and Kumar, 2008) . Like many other soil enzymes, urease can be either intracellular or extracellular. This enzyme, mostly the cases is an extracellular enzyme representing up to 63% of the total urease activity in soil (Klose and Tabatabai, 1999; Corstanje et al., 2007) . Extracellular urease can be either free or immobilized on mineral or organic soil components (Nannipieri et al., 1996) .
The result in Figure 4 showed that the day 28 had the highest value of 119.5 ± 0.80 mg / kg while day 56 had lowest value of 15.50 ± 1.60 mg / kg on pig dung. There was no significant increase (P < 0.05) in soil microbial biomass carbon with days in all treatment set ups though with irregular decrease and increase observed in the control of all the days starting from day 1 to day 56 from 25.0 ± 2.40 to 21.0 ± 1.00 and 24.0 ± 2.40 to 26.0 ± 2.00 and then to 25.0 ± 2.00 mg / kg respectively. Microbial biomass carbon in soil sample is an indicator for biodegradation. Organic matter is decomposed and organic pollutants are removed from the soil by mechanism of microbial biomass (Marschner and Kabitz, 2003) . Soil microbial biomass is the main driving force frequently used in agricultural early indicator of changes in soil properties. It can serve also as an index of microbial stress in the face of contamination (Wardle and Ghani, 1995) .
The result in Figure 5 showed that the day 28 had the highest value of 156.44 ± 30.24 µg / g on pig dung and day 1 had the lowest value of 23.28 ± 4.13 µg / g on cow dung. The result also showed that protease activity increased with time till day 28 after which it decreased along all treatments. Statistically, there was no significant difference detected in all the set ups indicating that the organic and inorganic nutrients did not enhance protease activity better than the control set up during the 56 days incubation period. Proteins represent a significant reservoir of organic nitrogen in most terrestrial ecosystems and therefore comprise a key component of the soil nitrogen cycle. Microbes need protein to build their bodies and proteases are required to break these proteins in order to be assimilated into the body mass (Hegazy et al., 2014) .
The germination index (GI) gives an idea of the effect of contamination on both seed germination and root growth. The result in Figure 6 showed that the soil contaminated with diesel showed the lowest value of 0.00 ± 0.00% in day 56 on all the set ups while the day 14 had the highest value of 28.60 ± 0.10% on triton X set up. The control set up showed the lowest GI value from day 14 to day 56 with values of 3.05 ± 0.10 to 0.00 ± 0.00%. The inhibitory effect produced by diesel was highest in day 56 with germination index of 0.00 ± 0.00% but the addition of the organic and inorganic nutrients had a stimulatory effect on mustard seed germination ( Figure 6 ) making inhibitory effect to decrease. From the beginning to 56 day of the experiment, day 28 to day 56 of control and triton X GI values were completely inhibited by diesel. This may be that the diesel entered the seeds and changed the metabolic reactions of the embryo by direct and acute toxicity after penetrating the plants tissues, this damaged cell membrane and decreased the metabolic transport and respiration rate (Amadi et al., 1992; Xu and Johnson, 1995) . Cow dung had a little high GI value of 13.58 ± 0.20% in day 28 and finally decreased to 0.00 ± 0.00% in day 56 while addition of pig dung had a higher GI value of 19.10 ± 0.30% in day 14 and finally decreased to 0.00 ± 0.00% in day 56. Increase was seen more in NH4Cl from day 1 to day 42 with GI values varying from 8. 76 ± 0.15 to 23.90 ± 2.30% and finally decreased to 0.00 ± 0.00% in day 56. There was a negative correlation between germination index, soil respiration and protease activity (r = -0.156; -0.562) but positive correlation between germination index, dehydrogenase activity, urease activity and microbial biomass carbon (r = 0.872; 0.187; 0.369). Emami et al. (2014) reported similar finding though with different substrates. They found out that the soils contaminated with petroleum showed the lowest GI values, and the inhibitory effect produced by petroleum were higher at the higher level of contamination, while addition of N fertilizer had a stimulatory effect on wheat seed germination. Statistically, there were no significant differences (P > 0.05) detected among the stimulatory effect of the organic and inorganic nutrients indicating that all the amended set ups had same effect on seed germination and growth.
Microbial analysis
The result in Figure 7 showed the increase in THBC with the control, cow dung, pig dung, triton X and NH4Cl THBCs ranging from 8.52 ± 0.60 to 8.92 ± 0.80 CFU / g, 8.83 ± 0.23 to 8.98 ± 0.20 log CFU / g, 8.85 ± 0.40 to 9.11 ± 1.00 log CFU / g, 8.79 ± 0.15 to 8.95 ± 0.32 log CFU / g and 8.48 ± 0.24 to 8.90 ± 0.10 log CFU / g respectively. The pig dung set up had the highest THBC of 9.11 ± 0.11 log CFU / g on day 56 while control set up having the lowest THBC of 8.52 ± 0.20 log CFU / g on day 1. Similarly, the result in Figure 8 showed that the TCHUBC for cow dung, pig dung, Triton X and NH4Cl amended soil increased while control decreased from day 1 to day 56 with TCHUBCs ranging from of 8.60 ± 0.50 to 8.93 ± 0.34 log CFU / g, 8.63 ± 0.23 to 8.99 ± 0.12 log CFU / g, 8.68 ± 0.10 to 8. 98 ± 0.35 log CFU / g, 8.66 ± 0.14 to 8.86 0.09 log CFU / g and 8.93 ± 0.06 to 8.89 ± 0.04 log CFU / g respectively. Pig dung had the highest TCHUBC of 8.99 ± 0.04 log CFU / g on day 56 while cow dung had the lowest TCHUBC of 8.60 ± 0.08 CFU / g on day 1. It is evident that there are more THBC than TCHUBC in the nutrient amended set ups than the control set up. The reason for the higher counts of the bacteria in amended soil may also be as a result of the presence of appreciable quantities of growth factors associated with the organic and inorganic nutrient supplements used. These elements are necessary nutrients for bacterial biodegradative activities (Romanus et al., 2015) . There was a negative correlation between TCHUBC, dehydrogenase activity, urease activity, protease activity and germination index (r = -0.334; -0.361; -0.146; -0.497) but positive correlation between TCHUBC, soil respiration, microbial biomass carbon and THBC (r = 0.268; 0.197; 0.637) . Similar results were reported by several researchers who observed counts of hydrocarbon utilizers in oil -polluted soil to be x 10 6 CFU / g (Ijah and Antai, 2003; Onuoha, 2013) , but lower than those obtained by Antai and Mgbomo (1989) , whose TCHUBC in hydrocarbon -contaminated soil was × 10 8 CFU / g. However, this may be due to differences in microbial ecology of the soil or characteristics of the experimental soil. The result in Table 5 indicated that most of the hydrocarbon degraders were Gram negative rods; positive to O-nitrophenyl--D-galactopyranoside arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate, tryptophan deaminase, gelatinase, glucose, mannitol, sorbitol, rhamnose, saccharose, melbiose, amigdalina, nitrogen but negative to urease, indole, Voges -Proskauer, inositol, arabinose, nitrite and oxidase biochemical tests. The organisms were identified to be Aeromonas sp., Serratia fonticola, Citrobacter freundii, Citrobacter diversus and Corynebacterium sp. Some of these bacteria have been reported earlier in relation to hydrocarbon biodegradation (van Hamme et al., 2003; Riffaldi et al., 2006; Akpe et al., 2015) . The higher occurrence of Gram negative over Gram positive bacteria in this study agrees with the earlier report that both Gram positive and Gram negative bacteria were encountered in the degradation of contaminants with Gram negative bacteria dominating (Romanus et al., 2015) . These findings also correlate the report of previous researchers (Foght and Westlake, 1987; Esumeh et al., 2009 , Omoni et al., 2015 who isolated more of Gram negative organisms suggesting that they are better degraders of crude oil when compared with Gram positive organisms. The higher ability of Gram negative bacteria to utilize crude oil may not be unconnected with the possession of plasmid -borne or chromosomal genes involved in hydrocarbon degradation and porins in their cell wall which helps in the uptake of certain substances by the cell or extrusion of others which may be harmful (Romanus et al., 2015) .
Comparatively, both the organic nutrients (cow dung and pig dung) and the inorganic (triton X and NH4Cl) nutrients were effective and comparable in the bioremediation of diesel polluted soils which contradict the findings of Ezekoye et al. (2015) who reported that NPK (15:15:15), though expensive compared to poultry droppings was more effective in the bioremediation of hydrocarbon polluted soils compared with poultry droppings.
Conclusion
In conclusion, the results obtained from this study indicate that bioremediation of diesel contaminated soil with the use of organic (cow dung and pig dung) and inorganic (triton X and NH4Cl) nutrients as biostimulating agents resulted in the positive and negative responses of the soil biological indicators. The results also showed that hydrocarbon degrading bacteria were present not only in the soil but also in the organic and inorganic nutrients used for amendment. The significant reduction in phytotoxicity was complimentary with increase in microbial count, soil respiration, protease activity and decrease in dehydrogenase activity, urease activity and soil microbial biomass carbon measured. The inorganic nutrients in this study favourably enhanced the activities of soil biological indicators comparable to the organic nutrients as significant differences was not detected (P > 0.05) in their effects to the soil biota. Thus, the application of these nutrients has widened our knowledge on biological indicators assessment for bioremediation of diesel contaminated soils.
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